Background and Aims. Mesenchymal stem cell transplantation (MSCT) became available with liver failure (LF), while the advantages of MSCs remain controversial. We aimed to assess clinical advantages of MSCT in patients with LF. Methods. Clinical researches reporting MSCT in LF patients were searched and included. Results. Nine articles (n = 476) related with LF patients were enrolled. After MSCT, alanine aminotransferase (ALT) baseline decreased largely at half a month (P < 0 05); total bilirubin (TBIL) baseline declined to a certain stable level of 78.57 μmol/L at 2 and 3 months (P < 0 05). Notably, the decreased value (D value) of Model for End-Stage Liver Disease score (MELD) of acute-on-chronic liver failure (ACLF) group was higher than that of chronic liver failure (CLF) group (14.93 ± 1.24 versus 4.6 ± 5.66, P < 0 05). Moreover, MELD baseline of ≥20 group was a higher D value of MELD than MELD baseline of <20 group with a significant statistical difference after MSCT (P = 0 003). Conclusion. The early assessment of the efficacy of MSCT could be based on variations of ALT at half a month and TBIL at 2 and 3 months. And it had beneficial effects for patients with LF, especially in ACLF based on the D value of MELD.
Introduction
Liver failure (LF) is defined as decompensation complications performing ascites, encephalopathy, and coagulopathy of any degree, and other physiological function of liver is damaged (e.g., AST, ALT, TBIL, and ALB) [1, 2] . In the given disease courses, pathological changes, and clinical presentations, LF could be classified into three forms: acute liver failure (ALF) occurred within 48 hours to several days accompanied with many complications (infection, coagulopathy, and encephalopathy) [3] ; acute-on-chronic liver failure (ACLF), with underlying chronic liver disease leading to rapid progression of liver injury, is manifested as additional jaundices and ascites [4] ; and chronic liver failure (CLF) remains a course of several months or years with chronic liver diseases [5] . Of these, ACLF and CLF occur commonly. The mortality rate of them ranges from 40% to 80% [6] . In addition, current knowledge of LF pathophysiology has been limited and the therapeutic strategies of LF still not have a systematic protocol. Both physicians and surgeons were based on integrated therapy for treatment of inpatient with ALF, ACLF and CLF, which mainly included nucleoside analogs (lamivudine, telbivudine, and entecavir), glucocorticoids, plasmapheresis, and liver transplantation [7, 8] . Due to the hard-acquired complications of postoperative immunosuppression in liver transplantation, only about 5000 patients each year received solid liver transplantations [9] . Therefore, liver regeneration is still thought to be an alternative ideal therapeutic approach for LF in clinical practice via activating mature hepatocytes, endogenous stem cells and circulating stem cells for regeneration of liver cells [10] .
Mesenchymal stem cells (MSCs) are characterized by differentiation, anti-inflammation and immunomodulation, and antifibrotic effect in tissue engineering [11, 12] and mainly derived from bone marrow, umbilical cord, and adipose tissue. It was not a coincidence that there were many animal researches [13] [14] [15] and clinical trials [16] [17] [18] to clarify the advantages of stem cells in liver cell failure, which achieved a good efficacy and safety. Coincidentally, our previous study also demonstrated that MSCT was considered as a promising therapeutic option for regeneration of the intestinal nerve system in gastrointestinal denervation model of murine via two aspects: directly regenerating and repairing tissue cells or indirectly activating immune cells (CD4+, regulatory T cells, etc.) to secrete immune factors (IL-2, IL-10, etc.) [11, 19] . Although our chronic inflammation model of mice induced by Helicobacter pylori had a risk of carcinogenesis after MSC intervention [20] , the MSC effects of potential multilineage differentiation, immunomodulation, and antifibrosis hold the balance in the treatment of patients with liver cell failure. Amazingly, Okumoto et al. [21] reported that the level of stem cell factor was markedly decreased in patients with LF, and Salama [12] also reported a decrease in serum levels of the hepatic fibrosis markers (e.g., collagen matrix, PIIICP, and PIIINP). There are several mechanisms of action of MSCT in liver regeneration: endogenous stem cell activation, paracrine effect, angiogenesis, and cell fusion, in addition to actual transdifferentiation [22] . Exogenous supplement of MSCs thus may improve the liver function of patients with liver cell failure.
Here, according to the evidences of variations of ALT, TIBL, ALB, and PT, we highlight that there is an obvious effect of MSCT on the treatment of LF [1, 16, 17] . However, to date, the detailed protocols about MSCT in LF are still not discussed. Therefore, this review aimed to provide an overview of the efficacy of MSCT and to explore the optimum state of MSC treatment on liver cell failure.
Materials and Methods

Searching Strategies.
We searched for articles published in PubMed systematically with MESH terms and text words: "stem cell," "mesenchymal stromal cell," "mesenchymal stem cell," "liver failure," and "hepatic failure." And we enrolled all eligible articles until May 15, 2017 , by screening the titles and abstracts about the MSCT in patients with LF. All clinical trials of LF treated with MSCT were included. Additionally, the reference lists of relevant articles were also scrutinized.
Data Selection and Extraction.
All study selection and data extraction were accomplished by two investigators independently. Disagreements were resolved by a discussion. Data on the authors, publication dates, countries, participants' characteristics (e.g., number, subtypes of cells, and ways of MSC administrated), and the level of ALT, TIBL, ALB, PT, and MELD score were extracted. Trials eligible for inclusion were based on the quality of evidence included: (1) clinical trials; (2) randomized controlled trials (RCTs) and no randomized trials; (3) patients with LF; (4) therapeutic strategy at least included MSCT; and exclusion criteria included (1) duplicate publication, (2) case reports, (3) reviews, (4) animal trials, (5) no-English languages, and (6) other liver diseases except LF.
2.3. Quality Assessments. The Newcastle-Ottawa Scale (NOS) was adopted to assess the quality of included studies, in which 9 items to evaluate quality [11] . The total of all answers generated the final scores for each study. A high quality and a poor quality score is 5-9 and 0-4 [23] .
2.4. Statistical Analysis. The data of ALT, TBIL, ALB, PT, and MELD score were considered as the assessment of efficacy on MSCT in patients with LF. A single article was considered as a whole to analyze. The results were expressed as mean ± standard deviation (M ± SD). All statistical integrations were done by using SPSS (Version 19.0) and GraphPad Prism (Version 6.0). And statistical analysis was performed by variance (ANOVA) or Student's t-test [19, 24] . All tests were two-tailed, and a value of P < 0 05 was deemed statistically significant.
Results
Search Results and Quality Assessment.
A total of 1451 articles were initially identified with duplicate removal. Therefore, 20 articles were associated with MSCT in the treatment of liver disease through retrieval and evaluation in detail; of these, six trials were related with chronic liver disease [12, [25] [26] [27] [28] [29] , five were involved with cirrhosis [30] [31] [32] [33] [34] , and nine focused only on LF [1, 9, [16] [17] [18] [35] [36] [37] [38] (Figure 1 ). All eligible studies' demographic and clinical characteristics of LF patients were summarized in Table 1 and Supplement Table 1 . Among them, five trials belonged to the randomized controlled trials (RCTs) [16, 18, 35, 37, 38] and others were cohorts [1, 9, 17, 36] . A total of 463 patients were enrolled without missing the number of 14 patients, of which, 158 patients accepted the MSCT as MSC group and 305 patients of conventional therapy as control group. Articles enrolled in this review were conducted in Egypt, Korea, India, and China.
The nine studies enrolled had a total score of 63 with a mean of 7 and a range of 4 to 9 for each article based on NOS scoring system. All studies enrolled fallen into "highquality study" (those of ≥4 scores). Overall, the quality of included studies was deemed eligible. The qualities of each study included in our review were showed in Table 2. 3.2. The Improvement of ALT, TBIL, ALB, and PT after MSCT. The liver function indexes were evaluated in our review, mainly including ALT, TBIL, ALB, and PT. There were six articles reporting on ALT with a total of 265 patients [1, 9, 16, 18, 36, 37] , five on TBIL [16-18, 36, 37] , seven on ALB [1, 9, 16, 18, 35-37], and three on PT [16, 18, 36] . But only one article [16] involved in AST, and its variations were showed in Table 3 . We thus closely analyzed the variations of ALT, TBIL, ALB, and PT in the MSC group and control group at different time points. Meanwhile, we also compared the differences between the MSC group and control group at a certain time point.
Among the patients in the MSC group, the ALT baseline of LF patients decreased from 127.02 ± 96.71 to 60.11 ± 22.36 U/L at half a month after MSCT, which had a significant statistical difference (P < 0 05); the levels were 49.16 ± 11.12, 36.98 ± 10.42, 44.98 ± 17.97, and 49.4 ± 24.18 U/L at 1, 2, 3, and 6 months, separately (Table 3, Figure 2(a) ). As for the variations in TBIL, ALB, and PT, five of nine articles (n = 366) were related with TBIL [16-18, 36, 37] , seven with ALB (n = 319) [1, 9, 16, 18, [35] [36] [37] , and three with PT (n = 213) [18, 36] Figure 2(b) ). However, no significant differences were observed in obvious changes of ALB and PT at any time points (Table 3) . Finally, there were no statistical differences in the control group and MSC group at each time point according to the variations of ALT, TBIL, ALB, and PT (Supplement Table 2 and Figures 2(a)-2(d) ).
ACLF Group Had a Better Efficacy Compared with CLF Group Based on the D Value of MELD Scores after MSCT.
A total of six studies were enrolled, in which they mainly study the patients of CLF and ACLF [9, 16-18, 35, 37] . Our analysis thus divided LF patients into CLF group [9, 18, 35] and ACLF group [16, 17, 37] ; of them, the D value of MELD score of the ACLF group was higher than that of the CLF group (14.93 ± 1.24 versus 4.6 ± 5.66, P < 0 05) (Figure 3(a) (Figures 3(b)-3(d) ).
MELD Score Baseline of ≥20 Group Had Better Efficacy
Compared with a Baseline of <20 Group after MSCT. All six studies with a total of 400 cases were included [9, 16-18, 35, 37] . MELD score is calculated as this: 9.5 * In [creatinine (9 mg/dL)] + 3.78 * In [bilirubin (mg/dL)] + 11.2 * In (INR) + 6.43, which ranged from 6 (mild disease) to 40 (severe disease) [39] . All included studies were chiefly divided into MELD baseline of ≥20 group and MELD baseline of <20 group due to they concentrated in ≥20 points and <20 points. There was a significant statistical difference that MELD baseline of ≥20 group has a higher D value of MELD of 13.92 ± 2.27 compared with MELD baseline of <20 group (1.46 ± 2.18) after MSCT (P = 0 003) (Figure 4(a) ). But beyond that, the scores of MELD endpoint were concentrated in 10 points, which was by chance a lower mortality rate was 1.9% at 3 months after MSCT [40] for LF patients with a score of 10 points (Figure 4(b) ).
3.5. The Survival of LF Patients. Only three studies are involved in the survival of LF patients in treatment of MSCT. Lin et al. [17] showed a higher survival rate of 85.34% at 3 months and of 62.48% at 6 months. Li et al. [16] had a longer follow-up time of 24 months, companied by a survival rate of 42.14%. All data were showed in Figure 5 .
Discussion
MSC transplantation has been utilized gradually in clinical practice and been emerged as a novel intervention for the treatment of liver cell failure. And some articles demonstrated its advantages deeply and explored a systematic protocol [41, 42] . Of note is what we found in our review: (1) after MSCT, the level of ALT baseline declined largely in half a month, and the TBIL baseline declined at 2 and 3 months. Thereafter, both of them maintained at a steady level, which was considered as early evaluations of efficacy in treatment of LF after MSCT; (2) as shown in Figures 2(a)-2(d) , MSCT had a comparable curative effect compared with conventional therapy in patients of liver cell failure in terms of ALT, TBIL, ALB, and PT; (3) the MSCT usage of ACLF had a more advantage than that of CLF; (4) the higher the MELD baseline (baseline of ≥20) in LF, the more efficacy of MSCT. They were benefited for further understanding and providing the rationale for improved disease management strategies. The improvement of liver function was found after MSC treatment in a short time of less than 3 months, especially ALT (in half a month), which might be closely linked with the mechanisms of MSCs in the treatment of patients with LF. Wang et al. [2] hypothesized that MSCs could promote hepatocyte proliferation to stimulate liver regeneration; on the other hand, it differentiated into the parenchymal hepatocytes to improve the liver function [43] . However, other previous studies revealed that it was via secreting protective factors (hepatocyte growth factor (HGF) and epidermal growth factor (EGF)) that structured a well-done microenvironment to prevent aggressive damage [43] [44] [45] [46] . Moreover, immunomodulation and antifibrosis of MSCs may play an important role in liver regeneration and delaying the liver cell progressive damage by downregulation of the level of liver fibrosis marker in liver cell failure [12, 47] . Our results showed that in 0.5 to 3 months after MSCT, the efficacy of mesenchymal stem cells was performed. Terai et al. [48] showed that liver cells repopulated 25% of the recipient's damaged liver by one month after MSCT at the model of mice with LF, which was supplementary of our results. Then, our other new finding was that MSCT had a more dominant advantage on ACLF than on CLF. Firstly, the hepatocytes have lively reverse-differentiate into stem cell to take participation in the regeneration of liver cells, while the hepatocytes of CLF patients almost lost their secretory and differentiation capacity (e.g., heme oxygenase-1) [49] . In addition, many inflammatory cells of T-lymphocyte and B-lymphocyte were involved in the acute inflammation activity of ACLF, which could be repressed by MSCs characterized by its anti-inflammatory ability [50] [51] [52] . Therefore, in the abovementioned statements, the mesenchymal stem cells had the ability of improving liver function and promoting liver regeneration. MELD score was an objective assessment of patients with liver disease and was calculated by using a combination of blood tests: creatinine, serum bilirubin, and INR, whereas it lacks the information of portal hypertension [53] . And the Child-Pugh score offsets a lack of MELD score, which was originally designed for assessing the prognosis of patients with cirrhosis undergoing surgical treatment of portal hypertension. It used five parameters: total bilirubin, serum albumin, INR, ascites, and encephalopathy [35, 53] . Our analysis accumulated both of the data of MELD score and Child-Pugh score. But only three studies reported the information of the Child-Pugh score [1, 9, 35] . Park et al. showed improvement of the ChildPugh score in two of five patients; at the same time, Amer supplemented that a statistically significant improvement appeared after 2 weeks and maintained for 6 months. However, due to the limited articles included, we cannot gain a definite conclusion about the Child-Pugh score. In contrast, the researches of MELD score among clinical trials were relatively mature. There was accumulating evidence that MELD score dramatically diminished after MSC therapy, especially in MELD baseline of ≥20 group. It will provide the evidence of the optimal state of MSCs in clinical practice.
There were several limitations. Firstly, the number of cases included in this review is small and the published works may not have covered all relevant references. Secondly, we are lack of the overall data of the type of cell-adiposederived MSC, umbilical cord-derived MSC, and bone marrow-derived MSC; we thus could not compare their differences in treatment of liver diseases. Thirdly, there are two studies enrolled of less than five cases and evidence might be weak. Finally, almost no information on clinical symptoms (e.g., ascites, jaundice, and hemorrhage) was provided in the studies we included.
Conclusion
Our study analyzed the improvement of liver functions (ALT, TIBL, ALB, and PT) after MSCT and the impact of MSCT on MELD score characterized by immune tolerance of stem cells [54] . All of them can provide a systematic review of MSC application in LF patients. The results from the upcoming and ongoing preclinical and clinical trials will provide a valuable roadmap for these novel therapeutic options of MSCs that have the ability to successfully promote liver cell failure, and our results also provide a large value for clinical physicians and investigators in the future.
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